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There are two courses of action which can be taken by a bankrupt firm
after bankruptcy filing: liquidation and reorganization. Theoretically, to ensure
efficient allocation of resources, the bankrupt should be permitted to reorganize
if it is worth more alive than dead. Using multiple discriminant analysis (MDA),
this study attempts to determine some critical factors relevant to the successful
reorganization of bankrupt firms. Efficiency of current assets management,
interest rates movement, liquidity of the bankrupt firm, and the incentives of
shareholders and creditors to reorganize, ar'e found to be the most important
determinants in bankruptcy reorganization. The Fisher's linear discriminant
model developed in this study is able to classify 74.33 percent of the firms in the
estimation sample. The cross-validation accuracy of the model, determined by
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The corporate bankruptcy and financial distress phenomenon in the United
States has been receiving increasing attention from academics as well as
practitioners in the world of finance. Much research had been done in predicting
and analyzing bankruptcy or financial distress.
But the life of a bankrupt firm does not come to an end after the
bankruptcy filing. Two courses of actions are available: reorganization and
liquidation. In principle, if the firm's intrinsic or economic value as a going
concern is greater than its liquidation value, then the firm should be permitted
to reorganize. This ensures the efficient allocation of resources in society.
However, market imperfections and the dynamics of business demise complicate
the reorganization process. Too many exogenous and internal factors may have
effects in determining the fate of the bankrupt firm. This research paper aims
at identifying these critical factors, which are relevant to the corporate
reorganization process. It is hoped that the research findings will have practical
implications to practitioners in managing corporate turnaround and investors
interested in corporate securities of bankrupt companies.
Y.F. Peter HO





Declaration of bankruptcy is usually the eventual step taken by firms
having deteriorated so much that they can no longer meet their financial
obligations. Bankruptcy proceedings are then carefully devised to see that assets
available are distributed fairly to the creditors.
Starting from the mid-1960s, the bankruptcy phenomenon has been
receiving increasing attention from academics and then practitioners in the
corporate world. In fact, it is recognized to be a fertile area of conceptual,
empirical, and case-oriented research and has already become a subject of
international concern and analysis, as commented by Professor Edward Altman,
who has an international reputation as an expert on corporate bankruptcy and
credit analysis.
A bankrupt firm should be permitted to reorganize and thus could come
out anew if, and only if, it is worth more alive than dead. In finance terminology,
this means that the value of going concern is greater than the liquidation value
of the firm's assets. Otherwise, liquidation of assets and repayment of debts are
the only alternative. In fact, originally, the function of the bankruptcy
administration is to turn these assets into cash to be distributed amongst
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creditors. This rule ensures the efficient allocation of resources in the society.
Productive assets should always be utilized in the most efficient manner.
Following the seminal work of Altman [1968], researchers have been
trying to use various multivariate classification techniques in many areas within
the finance discipline. The applications range widely from the classical
bankruptcy. prediction problem to credit analysis and investment management.
The classical bankruptcy prediction models (e.g. Altman [1968] and Altman, et
al. [1977]) employ multiple discriminant analysis (MDA) to assess ex-ante
probabilities of group membership of an observation (i.e. a firm), given a set of
independent variables which are some financial and stock market ratios related
to the bankrupt entities.
It is believed that the fundamental business failure problems usually lie
within the firm itself, although exogenous economic factors may also carry weight.
In most cases, firms fail only after a number of internal and external pressures
have built up to a critical limit. Thus, all of these prediction models try to
forecast the probability of bankruptcy before the firm eventually files for it. The
information set employed to construct the prediction model should be available
prior to the bankruptcy filing date.
After many successful bankruptcy prediction models have been developed
and refined, it seems logical to extend the studies one step further. That is, given
a bankrupt firm, can we assess the likelihood that it would be reorganized
successfully as opposed to end up in liquidation? And how useful will this piece
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of information be?
Many studies testing the investment potential of bankrupt firms' securities
concluded that the knowledge of the probability of successful reorganization will
definitely be useful in the investment decisions. Altman [1983] found attractive
returns on both the equities and bonds of the bankrupt companies. He also
pointed out that the trick is to determine which firms are likely candidates for
successful reorganization. 2 A recent study (Morse and Shaw [1988]) also agrees
that completion of various stages toward reorganization is viewed positively by
3
shareholders.
Secondly, the experience of successful' reorganization will be valuable to
strategic decision makers who are going to turn an ailing company around. In
fact, one of the major questions raised by practitioners concerning the bankruptcy
prediction models is whether they can be used actively in crisis management so
as to rescue the company from the dismal fate.
In response, Altman [1983] reported a real world case (the GTI Corp.) it
which the chief executive officer has successfully managed a corporate turnarounc
after the Altman's Z-score model signalled a high probability of bankruptcy foi
his firm. What he chose to do was to improve the various key areas whicl
constituted the Z score, that was, to reverse the plunge by taking deliberatf
managerial actions to increase the ratios.
Likewise, the reorganization prediction model to be developed in this
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research paper could have similar constructive implications to managing
reorganization or financial turnaround.
In this study, the author primarily attempts to identify the key variables
affecting the reorganization of bankrupt entities based on financial accounting
information and stock market data. Moreover, a model is. developed to assess
the reorganization potential of bankrupt firms.
This may shed some light on the key factors which are crucial to the
reorganization process. In addition, the results will be useful to investors who
have predilection in corporate securities of bankrupt companies.
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CHAPTER II
THE REORGANIZATION PROCESS IN THE UNITED STATES
Since the present study analyses the corporate bankruptcy reorganization
phenomenon in the United States, it would be worthwhile to give a brief
description of the reorganization process in the States. This would be useful to
readers in other Darts of the world.
Evolution of the Bankruptcy Laws
Historically, bankruptcy was a procedure through which creditors
confiscated and distributed the assets of an insolvent borrower. Short-lived
bankruptcy laws had been passed three times in 1800, 1842 and 1867 and were
subsequently repealed in 1803, 1843 and 1878 respectively. They were basically
passive responses to several financial crises that had induced large number of
insolvent debtors.
The Bankruptcy Act of 1898 was the starting point of establishing a legal
framework which could relieve debtors of the burden of debt so that they could
begin anew. It allowed for debtors seeking bankruptcy voluntarily and the
discharge of debts which could not be satisfied upon liquidation of the debtor's
assets. Nevertheless, it still did not have provisions for reorganization of debtors.
6The Chandler Act in 1938, as an important amendment to the Bankruptcy
Act, set up a procedure for insolvent borrowers to retain their assets and to repay
their obligations entirely or partially in three years. They were then protected
from creditors after filing for bankruptcy. Three chapters of the Act were
relevant to corporate bankruptcy and reorganization.
Chapter VII provided rules for liquidation of a debtor in straighl
bankruptcy. Chapter X applied to business reorganizations involving firms
(except railroads) which were publicly held and had secured creditors. A trustee
was appointed for firms with total debt greater than $250,000 to develop a viable
reorganization plan for the bankrupt entity. This type of corporate bankruptcy
reorganization was considered the least common but most important 4 because
of the dollar amount of liabilities involved, the size and importance of -the
petitioning companies, and the fact that most of the empirical data utilized ir
bankruptcy analysis involved Chapter X bankrupt. 5
Chapter XI applied to reorganization involving firms with no secured
creditors and it did not require all creditors agreeing on an action plan.
However, it had to be initiated by the debtor only while the other two chapters
mentioned above could be initiated either by creditors or by the debtor. The
most attractive feature of Chapter XI was that the existing management were, in
many cases, permitted to maintain control by the court.
7The Bankruptcy Reform Act of 1978
The Bankruptcy Reform Act of 1978 consolidates Chapters X and XI of
the Chandler Act into one single chapter: the new Chapter 11, which is for
reorganization. And again, it is Chapter 7 that deals with straight bankruptcy.
It leads to liquidation of assets and discharge of debt for the bankrupt petitioner.
Both business and non-business entities can use this new Chapter 7. About 70
percent of all bankruptcy cases are filed under Chapter 7 and out of them 85
6percent are classified as non-business.
Regarding to reorganization under Chapter 11, the cases can be either
voluntary or involuntary, whereas involuntary could not be filed under Chapter
X in the old Act. The existing management usually will maintain control of the
firm after bankruptcy. A disinterested trustee is appointed only if some party
shows cause such as fraud, dishonesty, incompetence, or gross mismanagement
or if that will be to the best interests of the creditors and/or the owners. Be that
as it may, the firm will be overseen by a committee appointed by the judge.
Committee members are unsecured creditors.
The new 1978 Act also allows the management or the trustee to sell or cut
off inefficient operations after the firm has gone bankrupt. This was not allowed
in the old Act which required the bankrupt entity to operate in the same state
as before bankruptcy. Hence, the bankrupt may be able to achieve better results
in the absence of this rigidity. Moreover, instead of liquidation, the bankrupt
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firm may be purchased wholly by a third party buyer. These are all favourable
to reorganization.
There are three vital events (according to Morse and Shaw [1988]) in the
bankruptcy reorganization process:
1. development of a reorganization plan
2. creditors' consent on the plan and
3. confirmation by the court.
The reorganization plan must be filed by the debtor or the trustee
appointed by the court within 120 days after bankruptcy. The plan should be fair,
equitable, and feasible. The court will approve or disapprove the plan based on
its evaluation in light of these standards. It would be unfair to eliminate the
interests of the original stockholders if the valuation indicates some value of
equity still exists.
A plan maintaining the priorities of the contractual claims of the creditors,
preferred stockholders, and equity holders is considered fair and equitable.
Moreover, the test for feasibility would be whether or not the reorganized entity
has sufficient working capital and sufficient earnings to cover fixed charges after
reorganization.
After the reorganization plan is approved by the court, it must be accepted
by both secured and unsecured creditors as well as equity owners within 180 days
9
after the reorganization petition is filed. However, the court may increase or
reduce these two periods if it is necessary. Equity owners are only eliminated
when appraisals show negative figure for the net worth of the company. The plan
is accepted by a class of creditors if more than one half in number and two thirds
in value of claim favour it. As to owners, two thirds of the shares in each group
must approve the plan for it to be accepted. The reorganized entity will have a
new capital structure, which is determined in the reorganization plan. Usually,
in order to reduce fixed charges, the liabilities are exchanged for equity, and/or
their maturities are extended.
The new Act of 1978 took effect in October 1979. It had been questioned
whether the new Act has made reorganization more easy or more difficult. White
[1983] suggested that the new Act increased the possibility of unsuccessful
reorganization, and thus would result in more liquidations. Nevertheless, the
recent Morse and Shaw [1988] study found the 1978 Act had no significant effect
on bankruptcy decisions or resolutions for actively traded firms. The difference
in their results, as Morse and Shaw suggested, is probably owing to the fact that




Although some attempts (Comerford [1976], Casey and Stickney [1984],
and Casey, McGee and Stickney [1986] 7) using multivariate analysis had been
made in predicting the reorganization potential of bankrupt firms, the results (of
Casey, et al. [1984]) were mediocre, as commented by Altman and Kao [1985].
Nonetheless, this comment may not be fair enough because of the difference in
their research objectives.
The Casey, et al. [1986] study used both probit analysis and multiple
discriminant analysis (based upon a model proposed by White [1981, 1984]) to
distinguish successfully reorganized bankrupt firms from their liquidated peers.
They found that two variables were of significant discriminating power.
The first was the free asset percentage which was defined as the
proportion of assets not pledged at the bankruptcy filing date. With a larger
proportion of free assets, the firm could more easily get additional financing
necessary for it to emerge from bankruptcy proceedings.
The second was the change in profitability in the years preceding
bankruptcy. This was captured by dividing retained earnings by total assets as of
11
the most recent balance sheet date prior to bankruptcy. Casey, et al. also stated
that this ratio measured the ability of the firm to generate funds internally and
thus should reflect its earnings prospect.
It is worth mentioning that this ratio had already been found to play an
important role in bankruptcy prediction. This cumulative profitability measure
was ranked fourth among the five factors in the classical Z-score model of
Altman [1968]. Furthermore, in their ZETA model, Altman, et al. [1977] found
that it was the most critical discriminant variable by all ranking techniques. It
was argued that this ratio implicitly takes the age of the firm into account since
a relatively new firm would likely have a low ratio of retained earnings to total
assets. A young firm simply did not had enough time to build up its cumulative
profits. Thus, a bankrupt firm with a low ratio in this measure has a higher
chance to be classified as liquidated rather than successfully reorganized
according to the analysis of Casey, et al. [1986]. However, whether the effect of
this variable comes from its reflection of earnings prospect (as suggested by Casey
et al.) or the age consideration (as proposed by Altman [1968]) was
indeterminate.
It was fairly clear that the objective of Altman and Kao [1985] was to
construct a prediction model of higher classification accuracy (in terms of
resubstitution risk) rather than to determine other critical variables that would
affect corporate reorganization as the Casey, et al. [1986] research did.
In their study, Altman and Kao made use of a non-parametric, recursive
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type classification technique instead of the traditional MDA to achieve their
objective. The technique they used is known as the recursive partitioning
algorithm (RPA) which could attain higher classification accuracy than MDA.
This new classification technique was discussed in great details in Frydman, et al.
[1985].
The RPA develops classification trees similar to the binary decision trees
which are widely used by business practitioners. However, the RAP will not be
discussed further here since it is not the technique utilized in the present study.
Interested readers may refer to the Frydman, et al. [1985] paper and/or Altman
and Kao [1985].
However, results from RPA were sensitive to the sample chosen. The
cross-validation risks were around 40% in various trees (which were different
classification models of RPA) developed by Altman and Kao [1985]. The high
sensitivity to sample chosen severely restricts the prediction application, in which
the investment community is most interested. They agreed that identifying more
relevant variables may help to reduce the sensitivity of classification accuracy to
sample chosen.
There were eight variables that were included in most of the models
derived by Altman and Kao [1985] as basic determinants of successful
reorganization: (1) net income to total assets ratio (2) current ratio (3) total
sales to current assets ratio (4) retained earnings to total assets ratio (5) market
value of equity to total liabilities ratio (6) total assets of the firm (7) cash flow
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to total liabilities ratio and (8) stock price. However, their study did not give
much information on the relative discriminating .power of different variables.
Discussion on prediction variables was also inadequate. This inhibits the readers
to get a clear understanding of key factors in the bankruptcy reorganization
process. Hence, the active application of such a classification model in
turnaround management is limited. The present study emphasizes on finding




There are different statistical techniques that can be used in classification
problems. The following two are frequently used:
(1) Multiple Discriminant Analysis (MDA): The aim of
this technique is to classify observations into one of
several groupings. The classification is based on a set
of independent variables characterizing the
observations. This technique is utilized in this study
and thus will be explored in details later on in this
chapter. Since its first application by Fisher [1935],
multiple discriminant analysis (MDA) has been used
in various academic disciplines. However, its popular
usage in financial studies was no doubt initiated by
the well-known Z-score bankruptcy prediction model
derived by Altman [1968].
(2) Logit or Probit Analysis: Its objective is to estimate
the probability that an event will occur based upon
a set of independent variables (X's) which describe
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the observations. These analyses evolve from the
traditional regression model. The dependent variable
Y can only take on two values (zero or one). The
conditional expectation of Y given X's is estimated.
Because of its popularity, the two-group MDA is chosen as the analytical
tool in this study to identify the critical factors which distinguish successfully
reorganized firms from liquidated ones. As indicated by previous studies (e.g.
Casey, et al. [1986]), the results of MDA and those of Logit or Probit are not
significantly different.
Fisher's Linear' Classification Rule
MDA is a multivariate extension of the univariate analysis of variance
techniques. It assumes a priori known and mutually exclusive groupings into
which an observation is assigned based on a set of independent variables. It
must be aware that there are various interrelated and essentially equivalent ways
in the two-group setting of linear discriminant analysis. Only the Fisher's linear
rule is discussed here because of its popularity among researchers.
In our two groups setting, the qualitative variable y represents group
membership of observations, that is, successfully reorganized or liquidated.
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1 if successfully reorganized
V=
0 if liquidated
Each observation (i.e. bankrupt firm) is characterized by a set of
independent variables which constitute a k-length column vector, X, where
The x1, x2,... etc. are financial and stock market ratios such as debt ratio, book
value to market value of equity, so on and so'forth. In virtually every different
discriminant formulation, it is assumed that within each group the X variables
are drawn from a multivariate normal distribution.
For successfully reorganized firms:
and for liquidated firms:
where U1 and U2 are mean vectors and E1 and E2 are variance-covariance
matrices for the two groups respectively.
X'=(X1,X2,X3,...,Xk)
X ~ N (U1,E1)given Y = 1;
X ~ N (U2,E2)given Y = 0;
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Fisher's approach suggests to look for a linear function H (combination
of the independent variables x's) that best discriminates between groups. The X
vector is thus linearly transformed.
H= X'R
where R is the coefficient vector. The desired function is derived by
maximizing the ratio of between-group sample variance of H to the within-group
sample variance. This optimal function is usually known as the (Fisher's linear)
s
discriminant function. It computes a single score h by:
We should assign an observation with characteristics X to group 1 (i.e.
successfully reorganized) if
and to group 2 (i.e. liquidated) otherwise,
where R are weights of the discriminant function
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and C(i/j) is the cost of misclassification in which an observation
from group j is misclassified as from group i.
The expression X'R is often known as the discriminant score which is a
simple linear combination of all the X's. The discriminant score is compared to
a so-calledcut-off'score, the value of a+ In[ C(1/2)p2 /C(2/1)p2]. If the score
is greater than the cut-off value, the observation is assigned to group 1, otherwise
to group 2.
In this study, the costs of misclassification are assumed to be equal (i.e.
C(1/2)=C(2/1)), and so are the a priori probabilities (i.e. p1 =p2). Thus, the
term ln[C1/2)pl /C(2/1)p2] vanishes. These assumptions can be modified if it
is necessary. However, the weights of the discriminant function do not change,
even if we change the relative costs of misclassification and the a priori
probabilities. Only the cut-off score will be tnnwnrd nr dnumnmrrl
Two underlying assumptions, namely, the multivariate normal distribution
of variables, and that the within-group variance-covariance matrices be equal, are
critical to the application of the Fisher's linear rule. Whether or not any
violation in them may cause problems is a question of great concern to
researchers. We will further discuss these two assumptions in this chapter..
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Equality of Covariance Matrices
The linear rule assumes that the variance-covariance matrices are
statistically equal. Sometimes this may not be true. Thus, it would be
appropriate to test the equality of the matrices before proceeding further.
Gilbert [1968] showed that the assumption of equal covariances will almost
assuredly be violated if a dichotomous variable is included.
If the covariance matrices differ, using a linear discrimination rule tends
to assign too many observations to the group with the larger covariance matrix
because that matrix contributes most of the pooled within-groups covariance. 9
Classification errors are therefore increased. Then the quadratic -rule of
classification should be used instead of the linear nne_
However, this problem is not so serious as imagined in light of empirical
evidences. In his classical study of 1936, Fisher used the linear rule for the
three-group Iris problem. Using the same data set, Eisenbeis and Avery [1972]
repeated the classification. They showed that although the covariance matrices
differed statistically (which warranted the usage of quadratic rule), the
classification results of the quadratic rule were identical to those of the linear
rule. This is because the group means are far apart enough. It is also
demonstrated by Altman [1983] 10 that the linear classification model has clear
superiority over the quadratic rule in holdout sample cross-validation tests. Their
overall accuracy is more or less the same in original sample testing (i.e. the
20
resubstitution risk).
Consequently, the most important issue is whether or not the group means
are far apart enough. Altman [1983] recommends the linear rule because of the
following reasons:
(1) the sample sensitivity of parameters in quadratic rule
is high and
(2) the fact that all relative tests of discriminating power
of variables are based on the linear model. 11
In addition, the linear function is more easy to'interpret than the quadratic one.
Thus, if the group mean vectors are found to be separated far enough,- we can
apply the Fisher's linear rule even if the covariance matrices are not statistically
equal.
The Normality Assumption 12
Violation of the normality assumption in financial studies and research is
more a rule than an exception. Usually, in many cases of regression analysis,
we proceed as if the variables were distributed with a multivariate normal
distribution without performing further tests on the normality. In application of
discriminant analysis, we should be concerned with the possible biases of
classification induced by the relaxation of this assumption.
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In financial research, many attributes (independent or prediction
variables) are categorical in nature. The set of independent variables is usually
composed of continuous and discrete variables. Thus, the robustness and
performance of the standard discriminant rules in the presence of categorical
variables are of crucial importance to researchers.
Much research had been conducted in investigating the appropriate
discriminant models for cases in which the normality assumption is violated.
Some researchers also tested the possible biases of the straight application of the
linear rule.
In essence, the results (Gilbert [1968], Moore [1973], Krzanowski [1977],
and Dillon and Goldstein [1978]) suggest that the performance of the linear
discriminant rule is acceptable if the correlations amongst the discrete binary
variables are moderate such as less than 0.2 to 0.3 in absolute value (negative
correlation is less harmful) and the group mean difference is relatively large (e.g.
greater than ten percent). The correlation between the discrete variables and
other variables should also be less than moderate so that the application of the
linear rule does not substantially bias the classification accuracy.
Thus, the correlation structure of variables will be examined before we
choose to use the linear rule.
22
Transformation of Variables
Many financial ratios or variables are highly skewed. Very large values
and very small ones can usually be found in their distributions. Natural and
standard logarithmic transformations are the usual procedure to reduce the
skewness of variables and can make the distribution more symmetric and closer
to normal. The transformation, however, would change the interrelationships
amongst variables. The logarithmic transformation also gives more weight to
equal percentage changes in a variable when the value of the variable is lower.
In the present study, some Variables' are transformed by the natural
logarithmic function so as to reduce their intolerable skewness. Nonetheless, not
all continuous variables are transformed because many of them take negative
values in a lot of observations. Elimination of these observations would greatly
reduce the sample size, which is doubtlessly undesirable. Thus, only three out of
eight continuous variables are transformed.
Classification Accuracy
The assessment of misclassification errors is of much prominence in
discriminant analysis. Usually, two methods are often applied: resubstitution in
original sample and cross-validation through a holdout sample. In the present




The discriminant function is based on the initial sample data.
We just look at the classification results of the initial sample by
using the discriminant rule. Unfortunately, since the discriminant
coefficients are derived from the original sample, the resubstitution
tends to be optimistic about misclassification errors.
2. Holdout Sample Cross-validation
As a remedy to the resubstitution method, researchers often
apply the discriminant criterion derived from original sample on a
secondary (holdout) sample. The classification accuracy on that
sample is assessed. Nevertheless, the holdout sample is usually
drawn from a period different from that of the estimation sample.
Moreover, the size of the holdout sample is often far smaller than
that of the estimation one. In view of these shortcomings, we will
adopt a different approach for cross validation method.
3. The Jack-knife Method (the Lachenbruch method)
This approach is proposed by Lachenbruch [1967] as an
almost unbiased validation test which leads to more reliable
24
estimates of the misclassification errors than either of the above
two ways. Out of the original sample of N observations, one is
isolated at a time. This isolated observation is classified by the
discriminant rule derived based on the other N-1 observations. By
repeating the same procedure N times, the errors of classification
are determined. Lachenbruch and Mickey [1968] indicate that the
ex post classification accuracy determined by this procedure is
comparable to evaluating the function in a hold-out sample
originating from the same period. In addition, the size of that




The sample used in this study is composed of 113 bankrupt firms, which
are manufacturers or retailers that filed a bankruptcy petition from 1970 through
1981. The data is generously supplied by Professor Altman and Mr Kao. It is
the same data set used in their study of 1985, which has been discussed in
Chapter III. The author wishes to stress again the main difference between the
present study and theirs. The objective of this research is to identify variables or
factors relevant to the bankruptcy reorganization process, while the Altman and
Kao study focuses on attaining higher classification accuracy measured by
resubstitution risk. Moreover, the technique of multiple discriminant analysis is
employed in our study, whereas Altman and Kao utilize the non-parametric
recursive partitioning algorithm.
Out of the 118 sample firms of the original sample, 113 observations are
used in this study since the exact dates of bankruptcy filing of the other five firms
had not been recorded. This piece of information is necessary in finding the new
variables used in the present study. Consequently, these five firms are ruled out
in our analysis.
26
Definition of Successful Reorganization
In both the Casey, et al: and the Altman and Kao studies, a firm is defined
as successfully reorganized if it could continue its business operations for at least
three years after the reorganization plan had been confirmed by the bankruptcy
court if such a plan had ever been resulted. The same definition is adopted
here. As a result, 55 firms in the sample were successfully reorganized while the
rest 58 ended up in liquidation.
Description of Sampled Firms
Exhibit 1 lists the number of bankrupt firms in each year in our sample
and the ultimate fate of them. All firms in the sample had traded securities
which were listed on the New York Stock Exchange (NYSE), the American
Stock Exchange (AMEX), or the over-the-counter (OTC) markets. Exhibit 2
presents their listing status.
All these firms are either retailers or manufacturers. Which groups the
belong to is shown in Exhibit 3.
27
EXHIBIT 1




1971 6 3 3
1972 7 43
1973 9 5
1974 17 10 7
1975 14 6 8
1976 15 9 6
21977 13 11
1978 14 10 4
1979 8 4 4
1980 3 2 1
1981 2 2 0
112Total 58 55
Referred to the year of bankruptcy filing.
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EXHIBIT 2
Exchange Listing of Companies Filing Bankruptcy
Year Sample NYSE AMEX OTC
1970 5 40 1
1971 6 0 6 0
1972 7 2 5 0
1973 9 3 15
1974 17 0 13 4
1975 14 3 7 4
1976 15 0 12 3
1977 13 2 7 4
1978 14 3 9 2
1979 8 0 4 4
1980 3 0 3 0
1981 2 1 0 1
Total 113 14 75 24
Referred to the year of bankruptcy filing.
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EXHIBIT 3
Number of Bankrupt Firms in Different Businesses Each Year
Bankrupt
Year Firms Retailing Manufacturing
1970 5 2 3
1971 6 1 5
1972 7 2 5
1973 9 5 4
1974 17 9 8
1975 14 8 6
1976 15 5 10
1977 13 3 10
1978 14 4 10
1979 48 4
1980 3 1 2
1981 2 0 2
Total 113 69 44
Referred to the year of bankruptcy filing.
30
Analysis Procedure
Using the sample data, the following analyses are conducted:
1. A linear discriminant function that classifies the firms
into one of the two groups: successfully reorganized
or liquidated is derived.
2. The classification accuracy of the model is tested by
the Lachenbruch validation test (i.e. the jackknife
approach discussed in Chapter `III) over the 113
observations. This procedure is comparable to
validating the model on a holdout sample of 113
observations drawn from the study period.
31
CHAPTER VI
DEVELOPMENT OF THE CLASSIFICATION MODEL
Variable Selection
Altman [1968] suggests four procedures to help determine the final profile
of variables, which are followed by this study:
(1) observing the statistical significance of various
functions including evaluating the relative
contributions of variables
(2) testing inter-correlations between the relevant
variables
(3) observing the predictive accuracy of alternative and
(4) judgement of the researcher.
This process would undoubtedly consist of a lot of trials and computer runs. Ten
variables, which well discriminate observations between groups, are condensed.
Four of them are already identified by the Altman and Kao study as determining
variables in their optimal tree of RPA, which are (1) current ratio, (2) sales to
current assets ratio, (3) market value of equity to total liabilities ratio, and (4)
32
stock price. However, they are all transformed by natural logarithmic function
in the present study except the current ratio in order to reduce the skewness of
variables. The remaining six factors are identified by the author. The univariate
summary statistics and the resulting F-statistics of these ten variables are given
in Exhibit 4. Moreover, Exhibit 5 lists the standardized group means of them.
Variable Description
(VI) Appearance in the SP's Stock Guide Prior to Bankruptcy
This is a qualitative (dummy) variable which takes the value of either zero
or one. The Standard and Poor's• Stock Guide is a monthly publication
containing stock market information of individual common stocks published by
Standard and Poor's Equity Research Department. Actively traded stocks listed
on the NYSE and the AMEX, and the most active NASDAQ stocks are
included. However, as indicated in the publication, less active firms may pay a
fee for inclusion in the Stock Guide 13. The inclusion possibly adds to the
goodwill of the firm. We expect firms with listing on the SP publication prior
to bankruptcy to have higher potential to reorganize. If the firm was included,
we assign the value of one to the dummy variable, and zero if otherwise.
(V2) Current Ratio
Current ratio is a popular measure of the liquidity position of the firm.
It measures the ability of current assets to meet current liabilities. With a better
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EXHIBIT 4
Univariate Statistics of Variables
Liquidated Successful











where V1= Appearance in the SP's Stock Guide, a dummy variable
V2= Current Assets/ Current Liabilities
V3= In (Sales/ Current Assets)
V4= In (Market Value of Equity/ Book Value of Total Liabilities)
V5= Cash/ Total Liabilities
V6= In (Common Stock Price)
V7= Market Value of Equity/ Book Value of Equity
V8= Net Working Capital
V9= Interest Rates Movement, a dummy variable
V10= Intrinsic Value of Equity
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EXHIBIT 5













liquidity position, the bankrupt firm is expected to proceed more readily in the
reorganization process. The ratio has been included in Altman and Kao [1985].
(V3) Sales/ Current Assets
The current assets turnover is one of the many activity ratios employed in
traditional ratio analysis. It measures the efficiency of current asset management
of the bankrupt firms. It is also a relevant measure for length of the working
capital cycle of the firm: from inventory to accounts receivable, to cash, and back
to inventory. The shorter the cycle (the larger the ratio), the more efficient is
the utilization of current assets, ceteris paribus. Particularly, in the event of
bankruptcy, the control of the firm over fixed assets is reduced (overseen by the
committee appointed by the court). The management of current assets become
even more critical.
(V4) Market Value of Equity/ Total Liabilities
The ratio of market value of equity to total liabilities carried in book
value is a measure of financial leverage of the firm. Liabilities are stated in
book value since they have to be repaid in par. This ratio is already included in
Altman and Kao [1985]. It is also found to be useful in predicting bankruptcy in
Altman [1968]'s Z-score model. With the value of equity determined by. the
market and the liabilities carried in their book value, the ratio is a more accurate
measure for financial leverage.
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In our study, this ratio is converted to its natural logarithmic form. The
natural logarithmic transformation reduces skewness of the variable. We should
recall that MDA requires prediction variables to be multivariate normally
distributed. The logarithmic transformation makes the variable closer to normal
distribution.
(V5) Cash'/ Total Liabilities
The logarithmic transformation is again used in this ratio in order to
reduce skewness of the variable. This variable is included in our model as an
indication for cash position of firms. We expect that a higher figure in this ratio
helps in reorganization.
(V6) Stock Price
It was postulated in Altman and Kao [1985] that firms whose shares sell
at a relatively substantial price will have more tangible assets which are critical
to the success of a reorganization plan. Similar idea and evidence were found
in Casey, et al. [1986] in which the free assets percentage is found to have
significant contribution to predicting success and failure of reorganization. In
this study, the author chooses to use stock price prior to bankruptcy
announcement as Altman and Kao did. In an efficient market, the stock price
should reflect all relevant information in a timely manner as suggested by Fama
[1970]. Hence, the stock price should have incorporated information about the
valuef tanvihle assets of the firm
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Furthermore, it is a widely accepted assumption that stock prices follow
a log-normal distribution instead of a normal one, and have positive skewness.
The lower bound for all stock prices is zero because of the limited liability of
equity owners. Therefore, the logarithmic transformation is utilized to reduce
the skewness of the variable. In fact, the transformed variable works better in
classification.
(V7) Market Value of Equity/ Book Value of Equity
This variable reflects the market's judgement on the future earnings of the
firm. The market value is determined by investors in view of the expected
earnings power and the perceived risk of the company. Holding other exogenous
factors unchanged, the reorganization potential would jointly depend upon the
incentive of shareholders and creditors to reorganize the firm. Usually, it is the
creditors that have a stronger influence. With a lower market-to-book equity
ratio, the firm must have been doing poorly. The valuation of the firm is likely
to indicate' no value left for original shareholders. Creditors could possess the
whole firm if it is reorganized successfully. Thus, their incentive to reorganize
would be higher with a lower value of this ratio. If some value of original equity
exists, the reorganization plan should be accepted by the shareholders. With
more classes of claimants, the reorganization process would be complicated.
On the other hand, firms which had already been considered "hopeless"
by shareholders would show a low ratio. Shareholders would tend to be
38
indifferent in the reorganization or they may have been eliminated at all. The
reorganization could therefore proceed more readily. In short, we may expect
the reorganization potential to be higher for firms with a lower market-to-book
value of equity.
(V8) Net Working Capital
The net working capital (i.e. difference between current assets and current
liabilities of the firm) reflects also the liquidity position of firms. The
reorganization plan should be feasible in that the reorganized firm must have
sufficient working capital to support its operations. The net working capital is
intended to be used as a complement to the current ratio which sometimes may
be misleading in measuring liquidity. Although it can also be expressed as a
percentage to total assets, the absolute figure is found to be more powerful in
classifying successful reorganizations.
(V9) Interest Rate Movement
This is a macroeconomic variable rather than a firm specific (micro) one.
Usually, this kind of variables is not included in classification research. Probably
the reason is that bankruptcy studies combine data from a large number of
companies of two distinct groups (i.e. bankrupt and non-bankrupt) to construct
mathematical models. A bankrupt firm is matched by finding a healthy firm of
similar size and in the same industry from approximately the same time interval.
Therefore, aggregate economic variables tend to have the same effect on both
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groups over a considerably long period and across a large number of firms.
However, the analysis is different in reorganization classification. Firms' group
memberships are determined by observing their ultimate fate rather than by the
matching procedure. Thus, macro-economic factors may not have the same
effect on both groups.
Interest rates dictate the opportunity cost of the debt capital provided by
creditors as well as the availability of credit in the economy at that time. It is
hypothesized that in periods of increasing interest rates, creditors would be
inclined to liquidate the bankrupt firms to get as much as they could from
liquidation. They could thus reinvest at higher rates of return as opposed to
continue investing in the bankrupt firm. The variable is again a qualitative one.
It is assigned zero if the change in average triple B bond yields in the year prior
to bankruptcy filing is negative otherwise, it takes the value of one.
(V10) Intrinsic Value of Equity
It is reasonable to assume that the intrinsic value of the firm should play
an important role in reorganization decision. The firm should only be
reorganized if its value as a going concern is greater than the liquidation value
of its assets. The author should admit that the proxy employed here is just a
rough one which is basically the value given by applying the Gordon's Constant
Growth Model.
Value= (EBIT/ 0.15)- total liabilities
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The 0.15 (i.e. 15%)'-' is assumed to be the required rate of return on the term
which is expected to have no growth. Moreover, usually bankrupt firms need not
pay taxes and interest. Thus, the earnings before interest and taxes (EBIT) of
the year prior to bankruptcy is capitalized to infinity at a zero growth rate.
Most firms in the sample (in both groups) have negative intrinsic value
according to the above proxy. This is probably owing to the fact that most of
them have negative EBIT in the year before filing bankruptcy. Deteriorating in
earnings is one of the major cause or sign of financial distress. In previous
bankruptcy research (e.g. Altman [1968]), the group mean of EBIT to total asset
ratio for bankrupt firms was also found to be negative. The negativity does not
cause much problem in the present research since the sample group mean of the




Correlation Structure of Variables
In order to justify using the Fisher's linear rule, we have to look at the
correlation structure of the independent variables first. This is extremely
important if some of the independent variables are discrete. Correlations among
variables are rather small in absolute value thus, they do not affect the
robustness and performance of the linear discriminant rule even if the
multivariate normality assumption is relaxed (as discussed in Chapter IV).
Exhibit 6 presents the coefficients of correlation between variables. The
coefficient of correlation between the two discrete variables V1 (appearance in
the SP Stock Guide)and V9 (interest rate movement) is 0.114 only. Moreover,
the correlations of them with other eight variables in the model are modest, with
only two exceptions: V1 and V6 (stock price), and V1 and V4 (financial
leverage). The correlation structure, therefore, does not prevent us from using
the Fisher's linear rule.
Moreover, we can observe that two variables: the interest rate movement
proxy and the intrinsic value proxy are negatively correlated with most of the


















0.347 0.169 -0.198 1.000
0.249 0.431 -0.164 0.188 1.000
0..472 0.201 -0.117 0.623 0.192 1.000
0.141 0.061 -0.023 -0.147 0.030 -0.090 1.000
0.120 0.290 -0.130 -0.115 0.246 0.202 -0.020 1.000
0.114 -0.151 -0.15 -0.106 -0.052 -0.084 0.121 -0.070 1.000
0.023 0.007 0.053 0.252 -0.040 -0.035 -0.017 -0.633 0.023 1.000
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discriminating power of the model.
Equality of Group Mean Vectors
In principle, in order to utilize the linear discriminant rule, we should
further test the equality of the two within-group variance-covariance matrices.
However, as we discussed in Chapter IV, previous research showed that as long
as the group means are far apart significantly, the linear rule is as good as the
quadratic rule even if the covariance matrices differ.
The multivariate test for equality of group means, the Wilks' Lambda test
is performed. The test statistic has a value of 0.7641 with F-value equal to 3.149
and p-value of 0.0015. The hypothesis that the two group means are equal
should then be reiected.
Since the group mean vectors differ statistically, we can go on with the
Fisher's linear rule, as we have discussed in detailed in Chapter IV. As
complementary pieces of information, the test for equality of group covariance
matrices is given in Appendix I and the classification results based upon
quadratic rule are shown in Appendix II, which are found to be more or les
equivalent to those based on the linear criterion.
The Discriminant Function
The discriminant function is a linear combination of independent
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variables. It best discriminates the observations between groups. The final
discriminant function developed in this study is as follows:
H= 0.5623 V1+ 0.6907 V2+ 1.0917 V3+ 0.3154 V4+ 0.2309 V5+
0.1528 V6- 0.0137 V7+ 0.0137 V8+ 1.0001 V9+ 0.0014 V10
where
V1= Appearance in the SP's Stock Guide
V2= Current Assets/ Current Liabilities
V3= In (Sales/ Current Assets)
V4= In (Market Value Equity/ Book Value Total Debt)
V5= Cash/ Total Liabilities
V6= In (Common Stock Price)
V7= Market Value Equity/ Book Value Equity
V8= Net Working Capital
V9= Interest Rate Movement
V10= Intrinsic Value of Equity
H= The Discriminant Function or Score
The cut-off point for classification is 1.6435. Any observation with discriminant
score, H. greater than or equal to 1.6345 is assigned into group 1 as being
successfully reorganized. Otherwise, it will be classified as liquidated.
It should be emphasized that in discriminant analysis, there are no
applicable tests for the significance of individual discriminant coefficients because
the coefficient themselves are not unique. Only the ratios of the coefficients are
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unique. Therefore, it makes little sense to test the significance of the
coefficients.
Classification Accuracy
Exhibit 7 shows the misclassification results based on the above linear
discriminant rule. Costs of misclassification in both groups are taken to be equal
and the prior probabilities of liquidation and successful reorganization are
assumed to be 50% and 50% respectively. The resubstitution risks are the same
as the misclassified proportions in two groups. The classification accuracy
measured by resubstitution is 74.33 percent.
Cross-Validations
The Lachenbruch method is adopted for cross-validation. The technique
holds out one observation in the sample every time and uses the others (i.e. N-
1) to construct the discrimination model. The held out observation is then
classified by that model. By repeating the same procedure N times, the errors
of misclassification are determined which measure the cross-validation accuracy
of the model.
Exhibit 8 presents the cross-validation results of the present model.
Cross-validation accuracy determined by the almost unbiased jack-knife
technique on the overall sample is 68.14 percent. Also a simple t-test is applied














Number of Correct Classifications= 84 (74.34%)
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EXHIBIT 8











Number of Correct Classifications= 77 (68.14%)
Test of Significance:
-1/2
t*= [proportion correct- 0.5]* [(0.5)(1-0.5)/n]
= 3.857
significant at 0.001 level.
(Note: n= 113)
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significant at the 0.001 level.
In terms of cross-validation, the present model out-performs, albeit not
strongly, all previous reorganization prediction models. In Casey, et al [1986],
the cross-validation accuracy of their probit model is 58.5%. The Altman and
Kao study has derived 12 models or trees by the recursive partitioning
technique. Their best tree, measured by cross-validation accuracy, yields only
62.1 percent.
Rankings of Variables in the Discriminant Model
Although there is no one best test for the relative importance of variables
(see Altman and Eisenbeis [1978]), the author still attempts to give some
indicative measures for the relative rankings of explanatory variables. It should
be noted that the relative importance of individual variables are sensitive to the
criterion of importance being adopted. Altman [1983] acknowledges that the
rankings across different tests are ambiguous and inconsistent in several studies
that he has analyzed.
One useful technique in determining the relative importance of variabl(
is ranking by the Scaled Vectors or the Standardized Discriminant Coefficient
The scaled vector is computed by multiplying the variable's discriminai
coefficient by the square root of the appropriate variance-covariance figure (i.
the standard deviation) of the variable concerned. These adjusted coefficien
are shown in Exhibit 9 with their rankings in the function. This ranking measu:
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EXHIBIT 9














takes care of the relative contributions of variables to the overall discriminating
power of the model as well as the interaction between them.
The most important variable according to scaled vectors is the current
assets turnover ratio, with natural log-transformation. The liquidity of the
bankrupt firm measured by the net working capital is ranked the second. It is
also encouraging to see that the interest rates movement (ranked the third) does
have impact on the reorganization of bankrupt firms. As a joint measure of the
shareholders and debt holders' incentives, the market value to book value of




The results of this study do give some insight in identifying critical factors
(independent variables) relevant to the reorganization of bankrupt firms. The
four most important factors are:
(1) Efficiency of current assets management (V3),
(2) Liquidity position measured by net working capital
(V$),
(3)„ Interest rates movement (V9), and
(4) Shareholders and creditors' incentives to reorganize,
measured by the market to book value of equity (V7).
The efficiency of current assets management plays a prominent role in
reorganization. Bankrupt firms which manage current asset efficiently have
higher chances to reorganize. We have discussed this in Chapter VI.
Another factor worth noting is the interest rates movement. It is perhaps
the first time that a macroeconomic variable is included in a classification
exercise like this. Bankrupt firms would find it easier to come out of bankruptcy
in periods of falling interest rates. The reverse is true during periods of tight
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credit.
The market to book value ratio of equity, which is a performance measure
for healthy firms, is employed in this study to measure jointly the shareholders
and creditors' incentive to reorganize. Firms with low market to book value of
equity ratios should have been doing poorly for a long period before filing
bankruptcy. Even if the firms are reorganized, shareholders' interest might very
likely be eliminated by the reorganization plan because their stakes had totally
lost. Thus, they may not bother whether the firms can be reorganized or
liquidated. Creditors, who could have the whole firm, may then be more willing
to reorganize.
Other factors such as liquidity and cash position, goodwill of the firm
financial leverage, and tangible assets of the firm are all shown to be relevant tc
the bankruptcy reorganization process.
Although this study does shed some light on identifying vital factors in
reorganization, we may not be able to rely on the model developed to make
confident prediction. The resubstitution risk (0.26) and cross-validation risk
(0.32) may be considered quite high. The classification accuracy might be
improved by refining the measures of the critical variables in further research.
Nonetheless, the present model outperforms those found by previous studies.
Exhibit 10 compares the results of this research with those of Casey, et al [1986]




Comparisonof the Present Modelwith PreviousStudies
Resubstitution Cross-validationNumberofCtassiticatioi
AccuracyAccuracyVariablesTechniqueModel
68.14%74.34%Linear MDA 10The Present Study
585%70.8%6ProbitCasey,et at. [1986]
70.0% 61.6%7RPAAltman and Kao [1985]
Altmanand Kao[19851 derived 12 different models.This is the best one in terms of cross-
validation measures.
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It must also be noted that departure from the two underlying assumptions
of MDA (i.e. equality of covariance matrices and multivariate normality) do not
affect the application of the standard Fisher linear discriminant rule in this
particular research. Chapter IV has already explained the qualifications of
relaxing the assumptions and Chapter VII gives empirical evidences to justify
the relaxations. As a supplement, Appendices I and II present the statistical test
for the equality of the covariance matrices and the classification results of the
quadratic discriminant rule respectively. Nevertheless, the quadratic rule does
not have any test available for examining the relative importance of variables.
It is hoped that the results of this study be useful to both decision makers in
reorganization and investors interested in securities of bankrupt firms.
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NOTES
Altman [1983], p. ix.1.
2. Altman [1983], p.242.
Morse and Shaw [1988], p. 1206.3.
Altman [1983], p. 10.4.
Altman [1983], p. 10.5.
Luckett [1988], p. 593.6.
Casey and Stickney [1984] is a working paper.version of the7.
published paper Casey, McGee and Stickney [1986], which will be
referred to throughout this study.
See Green [1978], Chapter 4, for a good discussion of the Fisher's8.
linear discriminant rule.
See Green [1978], Chapter 4, pp. 169-1719.
Altman [1983], Chapter 4, pp. 136-138.10.
Altman [1983], Chapter 4, pp. 135-136.11.
This section is mainly based on Altman, et al. [1981], Chapter III,12.
pp. 120-129.
CAA th Ctanrlarrl and Pnnr'c Ctnrlr CTrnip anv iccnP13.
Based on the historical return data, the annual rate of return on14.
U.S. common stocks is approximately 10% from 12/1925 to
12/1987 (Source: Kenney [19881) thus, 15% is chosen for bankrupt
firms because of their higher risk nature. It should be emphasized
again that this rate is chose on quite an arbitrary basis.
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APPENDIX I
TEST OF HOMOGENEITY OF COVARIANCE MATRICES
A likelihood ratio test by the SAS (Statistical Analysis System) computer
software package on the equality of covariance matrices is performed.
= 273.4445Test Chi-Square Value
with Degree of Freedom= 55
= 0.0001Prob Chi-Sq.
Since the Chi-Square value is significant at the 0.0001 level, the hypothesis that
within covariance matrices are equal is rejected.
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APPENDIX II
RESULTS OF THE QUADRATIC RULE
Although the major analytical tool in this research is the Fisher's linear
discriminant rule, the homogeneity of the covariance matrices is also tested
statistically. The test result is presented in Appendix I. The Chi-square statistic
is significant at the 0.0001 level. Strictly speaking, the quadratic classification
should be utilized. However, since we have tested the separation of group mean
vectors, the results show that they are far apart significantly. Thus, the linear
rule is used as explained before.
The classification results of the quadratic function are shown in Exhibit
11. We could see that result of the quadratic rule is about the same as that of
the linear model. The latter is more appealing for its neatness in explaining
effects of different variables and the availability of tests for relative contribution
of vnrinhle in the discriminant function.
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